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Abstract: Diarylborinic acids with electron-withdrawing substituents
at their aryl groups are efficient Lewis acid catalysts for Mukaiyama
aldol condensation and selective dehydration of anti-aldols to o,B-
enones in the presence of syn-aldols. The Lewis acidities of
diarylborinic acids are much higher than those of the corresponding
arylboronic acids.

Classical Lewis acids such as BF3+Et,0, AICl;, TiCly and SnCly have
become popular tools in organic synthesis. In general, these promoters
are used stoichiometrically in organic transformations under strictly
non-aqueous conditions, since the presence of even a small amount of
water causes rapid decomposition or deactivation of the promoters. To
obviate some of these inherent problems associated with classical Lewis
acids, we have investigated new classes of catalysts derived from
traditional metal complexes. For example, we recently demonstrated
the potential of tris(pentafluorophenyl)boron (le), which is a
convenient, commercially available Lewis acid, as an extremely active
catalyst for Mukaiyama aldol condensation,2¢ aldol-type condensation
of ketene silyl acetals with imines, '™ and stereoselective rearrangement
of epoxides.l‘]1 More recently, its use as a catalyst for addition of Ph;SiH
to carbonyl compounds was reported by Parks and Piers.? However, it is
difficult to change triarylborons like lc into new functional catalysts
using synthetic modification. Thus, we have become interested in
diarylborinic acids (diarythydroxyboranes). We describe here the
properties of diarylborinic acids with electron-withdrawing substituents
at their aryl groups as Lewis acid catalysts in Mukaiyama aldol
condensation and subsequent dehydration (Scheme 1).
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Scheme 1. Mukaiyama Aldol Condensation and Dehydration of
Aldols Catalyzed by Arylboron Compounds

We first examined several diarylborinic acids as Mukaiyama aldol
catalysts. The experimental results are summarized in Table 1. As
expected, the catalytic activity of bis(pentafluorophenyl)borinic acid
(1b)? was much higher than those of the corresponding arylboronic acid
1a (entry 1 versus entry 2). Bis(3,4,5-trifluorophenyl)borinic acid (2)5’6

was the most suitable aldol catalyst among the diarylborinic acids 1b, 2,
and 35 Tt is noteworthy that small amounts of E-isomeric dehydrated
products 5 and 7 were isolated as by-products in the reactions catalyzed
by 1b and 3. These dehydrated products were not observed in the aldol
reaction-step to give P-siloxyketones, but were produced in the
subsequent desilylation-step.’ In contrast, no dehydrated products were
isolated in the presence of le, despite the extremely high catalytic
activity of Ic.

Table 1. Mukaiyama Aldol Condensation Catalyzed by Arylboron
Compounds ¢

ArqB(OH)an (1~3)

OSiMes {2 mol%) 1) 1N NaOH
RICHO + =
Re CHoCl, -78°C 5) { N HCI-THF
OH © 0
J N+ <
R R2 R R2
R', R2=Ph, 4 R', R2=Ph, 5

R'=Ph, R2=Ph(CHp)o, 6  R'=Ph, R2=Ph(CHy)p, 7

Entry Ar,B(OH)s 4 Yield of 4 [5] Yield of 6 [7]
(%) be (%) o4
1 1a 0 [0] 0 [0]

2 1b 89 [7] 68 [0]
HE 98 [0] 73101 |
4 89 [10] 53 [<5]

5 1c 98 [0] 69 [0]

4 Reaction at -78 °C with 1 mmol of an aldehyde, 1.2 mmol of the
trimethylsilyl enol ether derived from acetophenone, 0.02 mmol of
an arylboron compound, 2 mL of dichloromethane. The reaction
was quenched with 1N NaOH, and the crude of B-silyloxyketones
was hydrolyzed in 1N HCI-THF. ? Reaction for a period of 1 h. ¢
Isolated yield. ¢ Reaction for a period of 5.5 h.

Based on the above experimental results, we developed a new and useful
method for the dehydration of [-hydroxy carbonyl compounds
catalyzed by diarylborinic acids.® The results are summarized in Table
2. Initially, solvent effects were investigated in the dehydration of aldol
4 in the presence of 5 mol% of 3 (entries 5~8). We found that this
dehydrartion was strongly promoted in THE. Other boron compounds
were also examined in THF, and 1b was found to have a similar catalytic
activity (entry 2). In fact, 1b was superior to 3 for substrate 4. The
dehydration was relatively slow and the retro-aldol reaction occurred in
the presence of 1c¢, which is a stronger Lewis acid than 1b (entry 3).
Significant features of these active boron catalysts are that they are
strong Lewis acids and possess a hydroxy group on the boron atom. No
dehydration proceeded in the presence of classical Brgnsted acids such
as 1N HCl and TsOH (entries 9 and 10).

To explore the generality and scope of diarylborinic acid-catalyzed
dehydration, some structurally diverse B-hydroxy carbonyl compounds
were examined in this reaction (Table 3). In most cases, the reaction
proceeded smoothly, and o,3-enones were obtained as E isomers in high
yields® In the reaction of o-substituted-B-hydroxy carbonyl
compounds, o,B-enones were preferentially obtained from anti-aldols,
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Table 2. Dehydration of Aldol 4 Catalyzed by Arylboron

H o) o]
Compounds ¢ R3 % —;\B/ Ar —H* Rl N\ 5R20
ArB(OH)s.n (1~3) (5 mol%) Rg , - R~
a 5 R Ar ?_—Ar
solvents, 17 °C, 2 h A Ar
Entry Arylboron Compound ~ Solvent  Conversion (%)? 8
1 1a THF 0¢ Y
[ 1b THF 100 ) H20 < H
3 1c THF 26¢ OH o)
4 3 THF 40¢
R1 v R2 o
[ s 3 THF 100 ) N Ar\B o
6 3 Et,0 81 OH O IV R! R?2
7 3 toluene 2 R
R? R2
8 3 CH,(Cl, 0 ks >
H+
9 INHC14 THF 0 H,0 9
10 TsOH THF 0 (<40)¢ T
~Ht+
@ Reaction at 17 °C with 0.2 mmol of 4, 0.01 mmol of an arylboron
compound, and 1 mL of solvents for a period of 2 h, except where (—3\
noted. ¥ Determined by !H NMR analysis of the crude products. ¢ RR2 PN Ar
Retro-aldol reaction partially occurred. 4 1 mL of 1N¥ HCI was H ——O->I|3/ . Ar
added in place of arylboron compounds. ¢ The conversion (reaction R Ar
condition: THF, reflux, 4 h) is indicated in parenthesis. H \ / SAr
and most of the syn-aldols were recovered. Thus, the present 10
dehydration is a useft ”l. ?"d cor.zven.ienz meltlhod for isolating pure syn- Scheme 2. Proposed Mechanism for the Selective Dehydration of
aldol from syn- and anti-isomeric mixtures. Anti-Aldols Catalyzed by Diarylborinic Acids
The mechanism we propose to explain the boron-catalyzed dehydration
is depicted in Scheme 2. Reaction of the f-hydroxy function with deprotonation at the o-positions of B-hydroxy carbonyl compounds
diarylborinic acid would lead to a cyclic intermediate 8, which should because its ethereal oxygen is basic, it may facilitate the generation-step

be susceptible to dehydration.®! Although THF is essential for of 8 by the ligand-exchange reaction between water and aldols.!?

Table 3. Dehydration of B-Hydroxy Carbonyl Compounds Catalyzed by Diarylborinic Acids ¢
OH O o OH O

ArgBOH (5-10 mol%)
-+
R R? THF, ambient temp. R1N/[LR2 R R?
R® R3 R3
Entry B-Hydroxy Carbonyl Compounds Ar,BOH Time Conversion ¢ Recovered Aldol (%), syn : anti ¢
syn: anti® (mol%) (h) (%)
i /\)Oi/ﬁ\ 1b (5) 3 92
2 Ph Ph 3% 3 >99
©®
OH O
3 A 365 24 97
Ph Bu
OH O OH O
4 Ph/\)w)kPh 71:29 1b (10) 24 35 Ph ph  65,>99:1
OH O OH O
5 /\)\Hkph 83:17 1b (10) 24 24 ph 76,>99:1
OH O OH O
6 Ph/\)\HkPh 54:464 1b (10) 48 42 Ph ph 58,87:134
Et Et

@ Reaction at ambient temperature with 0.2 mmol of B-hydroxy carbonyl compounds, 0.01 or 0.02 mmol of diarylborinic acids, and 1 mL of THF
for several hours. ? Determined by H NMR analysis. ¢ Determined by !H NMR analysis of the crude products. ¢ Stereochemistry was not
determined. -
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Subsequently, the transformation to o,B-enones occurs via an enolate
intermediate 9 derived from the deprotonation of a pseudo-axial o-
proton perpendicular to the carbonyl face. The pseudo-equatorial
preferences of R! and R3 in 8 formed from an anti-aldol lead the o
proton in a pseudo-axial direction. On the other hand, a cyclic
intermediate 10 formed from a syn-aldol and a diarylborinic acid is
thermodynamically less stable than 8, and the direction of the o-proton
is not favorable for deprotonation. Thus, dehydration to (E)-o.,-enones
selectively occurs for anti-aldols.

In summary, we have demonstrated that diarylborinic acids with
electron-withdrawing substituents at their aryl groups are highly
efficient Lewis acid catalysts of Mukaiyama aldol reaction and
subsequent substrate-diastereoselective dehydration. Other synthetic
reactions using diarylborinic acids are now underway.
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